A quantitative echo sounder has been developed for es timating fish abundance since the 1960s,3) and has been used for assessing fish behavior) and fish migration .5,6) The advantage of a quantitative echo sounder is giving us esti mates of biomass over the survey area rapidly. Acoustic surveys of Japanese sardine spawners have been carried out in the waters off western and southern Kyushu since 1984,7) and biomass has been estimated at 2.8 million tons of Japanese sardine. In the present study, we investi gated the biomass of Japanese sardine spawners in the waters off the western and southern Kyushu from 1990 to 1994.
There were reports of biological changes of the Japanese sardine including stock fluctuations such as growth,8) and distribution.9,10) During periods of large stock, they mi grate widely around Japan, but when the stock level is low they are restricted to the nearshore areas. 11) Kikuchi et al.12) suggested that the distribution of eggs and larvae of Japanese sardine shifted offshore in the latter half of the 1980s. It has also been found that the main spawning grounds of Japanese sardine occur in the area around southern Kyushu, called Satsunan Area (Fig. 1) , during periods of high abundance.13) In the present study, the relationship between the distribution of Japanese sardine and oceanographic structure was considered in the waters 
Fish Identification
In order to identify fish species, midwater trawl sam plings were conducted. The trawlings were conducted at ten sites in 1990. A cover net (20 mm mesh) was attached to the midwater trawl on the outside of cod end (60 mm mesh). In order to monitor the net conditions, Scanmar Transducers (Scanmar catch control system) were mount ed on both sides of the net as well as the top and bottom of the net, near the mouth. Also, a Net Recorder (Furuno, FNR-200II) was mounted on the bottom at the mouth of the net. Midwater trawl hauls were carried out twice in the Goto-nada area, five times in the Hokusatsu area and three times in the Satsunan area in 1990. The midwater trawl net was towed for 30 minutes. The warp length of the trawl net and towing speed were adjusted in order to aim the net opening at the strata containing fish schools. The towing speed ranged from 2.5 to 3.5 knots during the trawl survey. Trawl catches were frozen immediately on board. If catches were large, subsamples of approximately 30 kg were taken after measurement of the total weight. Samples were weighed by species in the laboratory after the survey. The water temperature at 5 m depth and water current vectors at 8 m depth were measured during the survey, and were logged automatically on diskette ev ery 5 minutes. We selected the strong current (>about 2 knot) in the southern survey area every year, and defined as the Ohsumi current.14) Biomass and Variance Estimation Biomass (S: kg) was calculated with the mean of volume back-scattering strength in each integration interval value (SV: dB), target strength value (TS: dB) and the volume (V: m3) of water in the each integration interval, as fol lows;
where, i and j are the transect number and east-west in tegration interval number, respectively. The TS value for Japanese sardine was used -31.5 dB/kg.7) The SV value was logged automatically on diskette during survey. the Satsunan area. From the ADCP data, the Ohsumi cur rent'14) was observed in the Satsunan area and part of the Hokusatsu area (Fig. 2) .
The total quantity of midwater catches was 706.4 kg, and most of the midwater trawl catch was Japanese sardine (689.0 kg, 97.5%) in 1990. Body length of sampled Japanese sardine ranged from 15.5 cm to 23.0 cm. From the fisheries statistics, the annual catch of Japanese sardine in western Kyushu was 475,083 tons, and continu ously decreasing. However, the annual catch of the other pelagic fishes such as Japanese anchovy, round herring, Jack mackerel and mackerel were more stable than that of Japanese sardine (Table 2) . Moreover, Japanese sardine spawners were caught especially in the winter season. In the present study, the summed SV value was decreasing year by year, hence, all echograms in this study were hypothesized to be due to Japanese sardines.
Distribution and Biomass Estimation
The estimated biomass of Japanese sardine is shown in table 3, and the covariogram using the 1-D geostatistical method is shown in figure 3 . The highest biomass in the present study was about 12,146,692 (19.6%; REE) metric tons in 1990, and estimated biomass decreased drastically year by year, and ranged from 82,354 (15.7%) to 110,736 (23.9%) metric tons in 1994.
During the period of high abundance of Japanese sardine (1990 and 1991), Japanese sardines were distribut ed widely in the Goto-nada area, however, Japanese sardines were not observed in the waters of the Ohsumi cur Table 2 . Annual landing quantities (tons) and relative percentages of the pelagic fishes in the waters off the western coast of Kyushu (Nagasaki, Kumamoto and Kagoshima Prefectures) Table 3 . Estimated biomass (tons) of Japanese sardines from 1990 to 1994 rent14) in the Satsunan and a part of the Hokusatsu area (Fig. 4) . In addition, the fish concentrated along the coast line of the Satsuma Peninsula, and distributed in the western area off Tanegashima Island (Fig. 4) . During the 1992 cruise, the highest concentrations of fish were ob served in neritic areas (Fig. 3) . High concentrations of fish were not observed in 1993 and 1994.
Discussion
It is well known that populations of Japanese sardine are subject to drastic fluctuations. There were large catches of Japanese sardine in the early eighteenth and nineteenth centuries, in the 1930s and in the 1980s.10) The Seikai Na tional Fisheries Research Institute has carried out acoustic survey for estimating biomass of Japanese sardine spawners in the waters off the western and southern coast of Kyushu since 1984.7) In the present study, we investigat ed the biomass, distribution of Japanese sardine using a quantitative echo sounder from 1990 to 1994.
There are three problems in the present study, (1) fish identification, (2) application of target strength, and (3) fish behavior. Fish identification is the most important problem for acoustic surveys. In the present study, mid water trawls and fisheries statistics were used for fish iden tification. Most of the midwater catches (97.5%) were Japanese sardine in 1990. From the results of fisheries statistics was also indicated that about 42 to 67% of com mercially caught fish in the waters off western and southern Kyushu from 1990 to 1994 were Japanese sardine. Additionally, landings of the Japanese sardine decreased year after year, while the levels of others were comparatively stable. Hence, the reduction of the biomass values estimated in the present study is coincided with the decrease of Japanese sardine's stock, although the bio mass in this study should be considered as including bio mass of other fishes.
Target strength of fishes are decided by their body length of volume of their swimbladder, however we used the target strength of -31.5 dB/kg in this study. Miyano hana et al. 16 ) reported the target strength of Japanese sardines as 50 kHz. The values of said study16) and this study7) were almost the same. Body length of Japanese sardine of between TS of previous study7) and ours did not differ, so we used -31.5 dB/kg to compare the previous study. 7)
The biomass estimated values were affected by the pelag ic fish behavior, such as vertical movement 17) and horizon tal migration. 18) Ohshimo17) recommended that the SV values in the daytime should be used for biomass estima tion, because the pelagic fishes moved to the upper acousti cal dead zone in nighttime.
Therefore, the biomass could be underestimated in this study.
Distribution and Biomass of Japanese sardine
The largest estimated biomass of Japanese sardine using a quantitative echo sounder was about 12,146,692 (19.6%) metric tons in 1990, and estimated biomass drastically decreased from year to year, and ranged from 82,354 (15.7%) to 110,736 (23.9%) metric tons in 1994. Hiyama et al.19) reported stock estimation using a virtual popula tion analysis (VPA) method in the Tsushima Current region including in the waters off the western coast of Kyushu and the Sea of Japan. They calculated that the stock of Japanese sardine reached a maximum peak of 38.68 million tons in 1987, and thereafter rapidly decreased. We compared the estimated stock using VPA19) and our estimated biomass using acoustic surveys (Fig. 5) . Spawning Japanese sardines were distributed widely during the high stock level period, however, during low stock level periods they were res tricted to coastal areas. No fish were recorded to the south of Koshiki Island (Transect S to X). In the Hokusatsu area, Japanese sardines migrated to the Satsunan area along the coast. The distribution area of Japanese sardine spawners changed with the abundance. High concentrations of Japanese sardines were observed widely over the survey area in 1990, but the distribution area was restricted to coastal areas from the continental shelf after the 1991 cruise. Kurodat10) showed that the range of distribution of Japanese sardine is remarkably different during periods of high and low level stock size. Japanese sardines are widely distributed in the northwestern Pacific Ocean including the Sea of Japan in periods of high biomass, however, the dis tribution area is restricted to the southern coast of western Japan in the low biomass periods. Kikuchi et al.12) report ed that the distribution of eggs of Japanese sardines shift ed offshore in the latter half of the 1980s. Nakai13) suggest ed that the large spawning ground in the Satsunan area was important during periods of high stock level. These results indicate that the acoustic survey for estimating bio mass of Japanese sardine may be conducted only in the near coastal area during periods of low stock level.
